Synthesis of Pd/ketjen black
Ketjen black (0.6 mg, 0.050 mmol) was dispersed in 1.5 mL of distilled and degassed THF by means of ultrasounds. To this black suspension, 1.3 mL of degassed ethanol were added, followed by 1.3 mL of a 3.75 mM aqueous solution of Pd(NO3)2•2H2O (0.00487 mmol, Pd : C = 1:10). The mixture was transferred inside a glass vial equipped with a magnetic stirring bar. The vial was put inside an autoclave, pressurized with 5 bar of H2 and left stirring for 1 h. After this time the autoclave was vented, the mixture was transferred in a centrifuge tube, 5.0 mL of degassed ethanol were added and the solid catalyst was isolated upon centrifugation at 9000 rpm for 30 minutes. The washing procedure was repeated two times and the final solid was dried under vacuum for 10 hours. The actual Pd content was measured by ICP-AES and resulted equal to 7.7 % mol. 
Materials Characterization
Transmission electron microscopy. TEM studies were carried out using a Philips instrument operating at an accelerating voltage of 100 kV. Few drops of Pd/bP and Pd/ketjen black in methanol were placed on the TEM copper/carbon grid, air dried, and measured.
Scanning transmission electron microscopy. Atomic-resolution characterization by STEM was performed through a probe aberration-corrected JEOL ARM200CF, equipped with a Ceos hexapoletype Cs corrector, named CESCOR, and operated at a primary beam energy of 60 keV. The electron gun is a cold-field emission gun with an energy spread of 0.3 eV. The probe size was 1.0 Å at 60 kV.
Micrographs were acquired in Z-contrast mode (High-Angle Annular Dark Field, HAADF).
A Centurio Energy Dispersive Spectrometer (EDS) equipped with a 100 mm 2 Silicon Drift Detector was used for the EDS acquisitions.
A GIF Quantum ER as Electron Energy Loss Spectrometer (EELS) was used for EELS measurements. Both low-and core-loss EELS spectra were acquired with the DualEELS capability through Gatan Digital Micrograph software, which allows the accurate energy calibration of EELS spectra, thanks to the simultaneous alignment of the zero-loss peak position for every single acquisition, which removes any artefact coming from energy shifts. The use of Fourier logarithmic deconvolution on a full spectrum obtained by splicing together low-and core-loss EELS allows removing thickness-related plural scattering. 1 All the STEM-EELS and STEM-EDS measurements were performed simultaneously by using the Gatan spectrum imaging (SI) tool.
Gas Chromatography. GC analyses were performed on a Shimadzu GC-14A gas chromatograph Acquiring EELS spectrum at the O-K edge in the region under study, see Figure S6 below, evidenced the absence of oxygen on the surface of the nanoparticles and on bP, thus the interaction described in the main text, can only be attributed to Pd-P. Figure S6 . EELS spectra at P-L2,3 edge and O-K edge for the sample Pd/bP.
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XPS. X-ray Photoelectron Spectroscopy (XPS) measurements were performed in an ultra-high vacuum (10 -9 mbar) system equipped with a VSW HAC 5000 hemispherical electron energy analyser and a non-monochromatized Mg-Kα X-ray source (1253.6 eV). The source power used was 100 W (10 kV10 mA) and the spectra were acquired in the constant-pass-energy mode at Epas = 44 eV. The overall energy resolution was 1.2 eV as a full-width at half maximum (FWHM) for the Ag 3d5/2 line of a pure silver reference. The recorded spectra were fitted using XPS Peak 4.1 software employing
Gauss-Lorentz curves after subtraction of a Shirley-type background. The powder sample was introduced in the UHV system via a loadlock under inert gas (N2) flux, in order to minimize the exposure to air contaminants and kept in the introduction chamber for at least 12 hours before the measurements. Figure S7 . P 2p core level XPS spectrum of pristine bP.
X-ray Absorption Spectroscopy (XAS).
To study in depth the nature of the interaction between the palladium atoms on the surface of the nanoparticles in contact with P atoms of bP sheets, X-ray Absorption Spectroscopy (XAS) experiments at the Pd-K edge (Eedge=24350 eV) have been carried out at the LISA beamline at the European Synchrotron Radiation Facility. 2 The monochromator was equipped with a pair of flat Si(311) crystals; collimation and harmonic rejection was achieved by 8 using a Pt-coated cylindrical mirror before the monochromator with an incidence angle of 2 mrad.
Further harmonic rejection and focusing was achieved with a Pt toroidal mirror (focusing configuration 2:1) positioned after the monochromator. The beam size on the sample was approximately 0.2 mm. Measurements were carried out at room temperature whereas the XAS signal was collected in fluorescence mode using a 12 elements High Purity Germanium Detector. A Pd foil placed after the sample was used as energy calibration standard compound and its spectrum was always collected together with the samples. XAS data were reduced and analyzed with the ATENA/ARTEMIS codes 3, 4 and the theoretical XAS signals were generated with the FEFF-8.4
code. 5 Structural parameters were obtained by data fits in R space with the transformation ranges in k space varying from case to case (k=[2. EXAFS analysis EXAFS (extended X-ray absorption fine structure) analysis was carried out modeling the data with two contributions: Pd clusters and Pd-P bond. The model of Pd clusters included 4 coordination shells for Pd foil though in Table S2 only the first shell is presented. The others were modelized with a single Pd-Pd first shell, other coordination shells being not visible in the FT. An additional Pd-P bond was added to account for the interaction with phosphorus atoms as evidenced by the peak in the FT below 2 Å. For comparison the spectrum of a PdO sample has been analysed with a model consisting in two shells: PdO and Pd-Pd. The last three rows of Table S2 show the crystallographic data for different model compounds. 
Catalytic hydrogenation of nitroarenes and recycling tests.
In a typical run, 1-chloro-2-nitrobenzene (114.2 mg, 0.725 mmol) was added to the solid catalyst Pd/bP 10% mol (1.3 mg bP, 0.042 mmol, 0.044 mmol Pd) in a screw capped centrifuge tube, 3 mL of degassed MeOH were added and the mixture was sonicated for 5 minutes to suspend the catalyst and dissolve the substrate. The suspension was then transferred in a glass vial placed inside an autoclave and equipped with a magnetic stirring bar. The autoclave was purged with hydrogen (3 times) and then pressurized up to 5 bar. The mixture was kept stirring for the required time, after which the gas was vented and the mixture was transferred in a centrifuge tube. 5 mL of degassed MeOH were added and the suspension was centrifuged at 9000 RPM for 30 minutes. The supernatant was analysed by GC. To the solid residue containing the catalyst, the nitroarene and methanol were added, and a new catalytic run was launched. A catalytic run was started under the standard reaction conditions described above. After 15 minutes the reaction was stopped, the autoclave was vented and the reaction mixture was transferred in a centrifuge tube. The solid material was isolated by centrifugation at 9000 RPM for 30 minutes. A small fraction of the supernatant (2 µL) was taken for GC-MS analysis, Entry 1 in Table S3 . The remaining was transferred in the autoclave, pressurized with 5 bar of H2 and kept stirring for 40 minutes. After this time the autoclave was vented and GC-MS analysis was carried out. The supernatant gave no further conversion (Entry 2), confirming that the catalytic activity is due entirely to the solid phase.
A further catalytic run was performed recycling the recovered solid catalyst under the same reaction conditions. Results comparable with fresh catalyst Pd/bP were obtained, see Entry 3. Figure S9 . Catalyst reuse in the hydrogenation of 1-chloro-2-nitrobenzene. Figure S10 . TEM image of Pd/bP after catalytic tests and relative size distribution of the palladium nanoparticles.
